High performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometer was used for separation and identification of phenolic and other compounds in the water extracts of Saraca asoca (Roxb.), De. Wilde. The aim of the study was to identify and evaluate the distribution of phenolic compounds in the different parts of the plant. The identity of compounds was established through the comparison with standards and characteristic base peaks as well as other daughter ions. In crude extracts, 34 catechin derivatives, 34 flavonoids, and 17 other compounds were identified. Interestingly, further analysis of compounds showed plant part specific unique pattern of metabolites; that is, regenerated bark is observed to be the best source for catechin/catechin derivative while flowers were found to be the source for wide variety of flavonoids. Moreover, these plant part specific compounds can be used as biomarkers for the identification of plant material or herbal drugs. Overall, the present study provides for the first time a comprehensive analysis of the phenolic components of this herb which may be helpful not only to understand their usage but also to contribute to quality control as well.
Introduction
Bark decoction of S. asoca (Roxb.), De. Wilde (Caesalpiniaceae), has been mentioned as one of the most famous Indian treatise Charaka Samhita (100 A.D.) for the treatment of various types of gynaecological disorders. Bhavprakash Nighantu, another Indian treatise, referred to it as a uterine tonic for regularizing the menstrual disorders. Bark of the plant is well reported for its stimulating effect on endometrium and ovarian tissues and being used to treat menorrhagia. S. asoca contains significant amounts of phenolic compounds that are considered to be the biologically active components. Water extracts of the plant parts are being used to prepare various Ayurvedic and herbal drugs being rich source of catechin, epicatechin, epigallocathechin, and their polymers and glucosides [1, 2] . Catechins are well reported for various kinds of biological activities and are useful for the symptomatic treatment of several gastrointestinal, respiratory, and vascular diseases. The antioxidant activity of flavonoids has been studied with regard to retarding the aging of cells and protection against cancer and coronary or cardiovascular disease [3] [4] [5] .
Various techniques are in use to identify phenolic compounds such as thin layer chromatography, high performance thin layer chromatography, gas chromatography, UV detection, high performance liquid chromatography (HPLC), and mass spectrometry. These methods are useful to detect a limited number of known compounds but are not applicable for the characterization of unknown polyphenols in crude mixtures. Quadrupole time-of-flight mass spectrometry (Q-TOFMS) is excellent technique to analyze multicomponents 2 ISRN Pharmaceutics in the complex herbal extracts due to accurate mass measurement, high resolution, and ion separation [6] . Rapid data mining procedures and aligning algorithm tools have been used to process huge raw data generated from metabolome analyses [7] . These processed data were thereafter used successfully in various pharmacophysiological studies such as disease diagnostics, human nutritional science, and drug discovery [8, 9] .
In the present study, HPLC coupled with Q-TOFMS in positive mode was used to generate nontargeted MS data from various crude extracts prepared by taking different parts of S. asoca. As on date scanty information is available from S. asoca, rather no one reported a comprehensive profile of phenolic compounds from this plant. Therefore, nontargeted MS data was generated and processed by using Mass Hunter qualitative software for identification of phenolic compounds from the various prepared extracts of S. asoca.
Experimental
2.1. Reagents. Standard compounds and solvents lidocaine, D-camphor, 5-7-isoflavone, formic acid and acetic acid (HPLC grade), acetonitrile, and formic acid and water (LCMS grade) were purchased from Sigma-Aldrich (St. Louis, MO. USA). Phenolic standards protocatechuic acid, coumaric acid, and quercetin were obtained from Sigma (St. Louis, MO, USA). Epicatechin, catechin, gallic acid, ferulic acid, and caffeic acid were purchased from Fluka (Buchs, Switzerland). The purity of the standards was more than 98%, and stock solutions were prepared as at 1 mg/L in methanol. Working standard solutions were made by diluting the stock solutions with mobile phase of HPLC.
Plant Material.
Bark, regenerated bark, leaves, and flowers of S. asoca were collected from Botanical Garden of National Research Institute of Basic Ayurvedic Sciences, CCRAS, (Department of AYUSH), Nehru Garden, Kothrud, Pune, in February 2012 (winter season). The collected plant materials were identified, and voucher specimens (no. 207) were kept at the medicinal plant museum of the institute.
Extraction and Sample Preparation.
Fresh plant materials were extracted overnight (at 25 and 70 ∘ C) with deionized water (Direct-Q, Millipore) and methanol in sequence (1 : 1 w/v). Extraction steps were repeated three times to ensure complete recovery of metabolites. The pooled supernatant phases were filtered through 0.22 filters (HiMedia), concentrated under vacuum to dryness (FreeZone 4.5 Labconco, CA, USA), and stored at −80 ∘ C till further use. All the samples were given abbreviated name as: bark water, hot water, and methanol extract (B), regenerated bark water, hot water, and methanol extract (RB), leaves water and hot water extract (L), and flower water and hot water extract (F). The extracts were reconstituted in HPLC mobile phase (5.0 mg/mL) for further analytical studies. Standard compounds lidocaine, Dcamphor, and 5-7-isoflavone (5.0 ppm) were mixed in the samples.
HPLC. Experiments were performed on Agilent 1290
Infinity Series HPLC interfaced with an Agilent 6538 Accurate-Mass Q-TOF. A ZORBAX 300SB reverse phase column (C18, 4.5 mm × 250 mm, and 5 m particle size) with guard column of same diameter and pore size was used at a flow rate of 0.2 mL/min. The column temperature was maintained at 40 ∘ C. The mobile phase used for HPLC was combination of solvent A (0.1% formic acid in water) and solvent B (0.1% formic acid in acetonitrile). The gradient was varied linearly 5-10% in 15 min, 10-45% in 22 min, 45-65% in 30 min, 65-90% in 35 min, and finally to 5% B at 45 min. Sample volume of 20 L was injected by autosampler.
Q-TOFMS
Conditions. Q-TOFMS was calibrated and tuned as recommended by the manufacturer to get accuracy less than 5 ppm. Instrument was operated in positive ion polarity mode and extended dynamic range (1700 m/z, 2 GHz) with following parameters: gas temperature 350 ∘ C, nebulizer 50 Psi, gas flow 11 L/min, capillary voltage 3500 V, nozzle 500 V, skimmer voltage 65 V, octapole RF 250 V, octapole DC1 48 V, and fragmentor voltage 175 V. MS data was collected in total ion counting mode, and spectra were acquired in the range 100-1100 m/z with acquisition rate 3 spectra s −1 . To assure the mass accuracy of recorded data, standards of lidocaine and 5, 7-isoflavone were infused with samples along with continuous internal calibration with the use of signals at a range of m/z 121.05 to m/z 922.0098 (as per instrument standards).
Results and Discussion

HPLC/MS/MS Conditions Optimization.
The HPLC-Q-TOFMS was tested with several basic and acid ionizers, but formic acid 0.1% was found to be most suitable among the tested conditions to resolve most of the compounds present in the crude extracts. In this condition ionic strength became appropriate, and the signal-to-noise ratio increased in the positive ion mode. However, negative mode also gets refined, but positive mode showed better ionization; therefore, it was selected to study the extracts. Being the crude extracts, several gradient profiles were tested, but used gradient profile allowed maximum separation of compounds in the extracts. Mixed standard solutions were tested in order to establish the optimum MS conditions. The fragmentation voltage was varied from 50 to 250 V and the collision energy from 5 to 45 V. The best results were obtained at fragmentation voltage 175 and ramping collision energy. fragmentation ions are reported as characteristic fingerprints for the presence of catechins in complex matrices.
Analysis Catechins from Standards and S. asoca Extracts.
+ is a general fragmentation pattern observed for all catechin gallates and gallocatechin gallates [11] . Fragmentation of the predominant positive ions in nontargeted MS mode was used to obtain information about the molecular masses of conjugates and sugar moieties bound to the aglycones. The total ion chromatograms in positive mode of the extracts in Figure 2 are showing visual changes in profiles of different parts. The positive full-scan LC/MS analysis produced peaks for derivatives of catechins which were identified by scanning the characteristics fragment ions and matching standards available in the literature (Table 1) .
C-and O-glycosides were identified on the basis of previous reports. In the positive ion full-scan mass spectrum, the C-glycosides showed only the prominent [ 
ESI-Q-TOFMS has proven that the ions of X + [M + H-90] + , X + [M + H-120] + , and X + [M + H-150]
+ are the characteristic product ions for polyphenol C-glycosides, and the losses of 120 and 150 u are more favourable [12] , whereas in polyphenol O-glycoside X + [M + H-162]
+ was characteristic ion due to neutral loss of 162 u in the product ion spectra.
Using the standards and identification of characteristic ions, 34 catechins and their derivatives were identified from the samples. The gradient of water containing 0.1% formic acid and acetonitrile 0.1% formic acid method produced wellshaped peaks for (−)-epicatechin, catechin, and epigallocatechin at 24.447, 25.261, and 23.8 min, respectively [10] . (−)-Epicatechin and catechin were differentiated on the basis of their retention time related to spectra of standard compounds. Moreover, several new derivatives of catechin were identified, and some remain unidentified (Table 1) . Catechin-O-glucoside and catechin di-O-glucoside were identified for the first time as these give characteristic peaks of catechin along with neutral loss of 162 u due to loss of glucose moiety. Six catechin derivatives were found throughout the sample. Other catechin derivatives were observed to be specific with respect to plant parts which can be used as plant part specific markers and can be helpful in standardization of herbal drugs. Regenerating bark was found to have maximum number of catechin derivatives and tannins which might be induced under stress of regeneration and to prevent infections due to damage in bark.
On the basis of inclusive analysis of phenolic compounds, pathway of flavonoids and their derivatives biosynthesis in S. asoca were explored (Figure 3 ). These compounds showed unique pattern of metabolites in the plant parts. In the study, S. asoca was found to be a rich source for catechins that accumulate in all the organs especially in bark. Contrary to this, epicatechin-3-O-gallate, and epigallocatechin-3-Ogallate were observed in the leaves and flowers of this herb.
Analysis of Flavonoids from Standards and S. asoca
Extracts. Samples of S. asoca were analysed for flavonoids and found to have apigenin, kaempferol, peonidin, quercetin, isorhamnetin, chrysoeriol, and their derivatives. However maximum numbers of flavonoids were observed in the flower extracts of herb. In this study, total 34 flavonoids were characterized. Most of them were unambiguously identified by comparing retention times and MS data with those of the reference standards and discussed in the literature. Concerning the presence of aglycones in S. asoca, up to now several aglycones have been described in the literature [13] . The product ion spectra of apigenin, kaempferol, peonidin, quercetin, isorhamnetin, and chrysoeriol ( Figure 1) were identified by comparing the product ion spectra and retention times with those of standards provided with a useful tool for the confirmation of the presence of these six aglycones in S. asoca extracts for the first time. Aglycones were identified by product ions generated by neutral losses of CH 3 group, H 2 O, and CO as described previously [14, 15] . Glycosides of flavonoids were identified as described previously in case of catechins counting the loss of 162, 150, 120, and 90 u which are characteristics of flavonoids O-and C-glucosides. Total ion chromatogram was screened for loss of 162, 150, and 120 u. All the fragments were assigned with an accuracy of less than 5 ppm with few exceptions. Aglycones were fixed by comparing the product ions from standards and the literature. Resulted flavonoid glycosides are given in Table 2 . Peonidin, quercetin, delphinidin, isorhamnetin, petunidin, and malvidin glycoside were mainly observed in flowers as shown in biosynthesis pathway (Table 2, Figure 3 ). Table 3 is showing compounds and their product ions. Unidentified compounds were mentioned as unknown or derivative of known compounds.
Conclusions
The rational use of S. asoca plant parts for declining uterine diseases is mainly due to presence of flavonoidal glycosides, catechins, oligomeric procyanidins, and steroids. The detailed identification of the phenolic composition of S. asoca provides the background necessary to evaluate the biological activity of the identified compounds and to develop an understanding of the potential benefit of the herb. A number of steroidal compounds were also observed in all plant parts but could not be identified very well due to limited fragmentations. The qualitative and comparative method showed good results in terms of identification of flavonoids. Variety of catechin derivatives were found to be elevated in regenerating bark. One possible reason for the elevation of flavonoids could be the protective effect of these compounds against plant infections. Part specific compounds as shown in Tables  1, 2 , and 3 can be used as biomarkers for the identification of plant material or herbal drugs. This comprehensive analysis of the phenolic components of herb will be helpful not only in the quality control of this herb and its products but also in understanding medicinal importance of different parts of the herb. Besides this, the content of desire compound can be enhanced in specific part of the plant by using metabolic engineering where the present data will be very useful and supportive.
